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In view of the above. Applicants respectfully request reconsideration of the 
Restriction Requirement. Applicants will address the issue of inventorship for the 
elected claims and amend inventorship appropriately if the elected restriction is made 
final. 

Applicants reserve the right to file subsequent applications claiming the 
non-elected subject matter and do not waive any of their rights or abandon any 
non-elected subject matter. Since Applicants have fully and completely responded to 
the Restriction Requirement and have made the required election, this application is 
now in order for early action. 

If the Examiner believes that a telephonic conference would aid the prosecution 
of this case in any way, please call the undersigned. 



Date: October J3 . 2001 

DNAX Research Institute 
901 California Avenue 
Palo Alto, California. 94304-1104 
Tel. No. (650) 496-6400 
Fax No.: (650) 496-1200 

End.: 

Clark, Immunol. Today 21, 397 (2000). 

Fig. 10-15 in Abbas, et al. (2000) Cellular and Molecular Immunology. 4th ed., 
W.B. Saunders Co., NY.,. p 230. _ .... 
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Sheela Mohan-Peterson 
Attorney for Applicants 
Reg. No. 41,201 
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Antigen-specific 
antibody (Abl), 



Antigen 




Antigen- 
combining site 



Induction of antMdiotypic 
antibodies (Ab2) 




Antibody against 
combining site 
idiotopes (may 
regulate response 
to antigen) 



Vi Antibody against 
nonconfining site 
idiotopes (may not 
Influence response 
to original antigen) 



Figure 10-15 Idiotypes and anti-idiotypic antibodies. 

The combining site of an antibody (Abl) specific for an antigen has a 
unique shape that is complementary to the antigen, Anti-idiotypic anti- 
bodies (Ab2) may recognize the combining sits of Abl. in which case 
they may influence responses to the antigen, or they may recognize 
unique idiotypic determinants of Ab1 that are not part of the combining 
site. 



SUMMARY 



• Immunologic tolerance is unresponsiveness to an 
antigen induced by the exposure of specific lym- 
phocytes to that antigen. Tolerance to self ami- 
gens is a fundamental property of the normal im- 
mune system, and the failure of self-tolerance 
leads to autoimmune diseases. Antigens may be 
administered in ways that induce tolerance rather 
than immunity, and this may be exploited for the 

" "prevention ~and treatment of" transplant" rejection 
and autoimmune and allergic diseases. 

o Central tolerance is induced in the generative 
lymphoid organs (thymus and bone marrow) 
when immature lymphocytes encounter self anti- 
gens present in these organs. Peripheral tolerance 
occurs when mature lymphocytes recognize self 



antigens in peripheral tissues under particular 
conditions. 

• The principal mechanisms of tolerance are dele* 
tion (apoptotic cell death), anergy (functional in- 
activation), and suppression by regulatory T cells. 
Some self antigens may be ignored by the im- 
mune system, 3nd they elicit no detectable reac- 
tion. 

a In T lymphocytes, central tolerance (negative se- 
lection) occurs when double -positive thymocytes 
with high-affinity receptors for self antigens rec- 
ognize these antigens in the thymus. Several 
mechanisms account for peripheral tolerance in 
mature T cells. In CD4* T cells, anergy is induced 
by antigen recognition without adequate cosiimu- 
lation and by recognition of altered forms of the 
native antigen. Repeated stimulation of T cells by 
persistent antigens results in activation-induced 
cell death. Some tolerogenic antigens activate 
suppressor T cells, which inhibit immune re- 
sponses mainly by producing immunosuppressive 
cytokines, 

o In B lymphocytes, central tolerance is induced 
when immature B cells recognize multivalent self 
antigens in the bone marrow. The usual result is 
apoptotic death of the B cells or the acquisition of 
a new specificity, called receptor editing. Mature 
B cells that recognize self antigens in the periph- 
ery in the absence of T cell help may be rendered 
anergic or are excluded from lymphoid follicles 
and cannot be activated by antigen. 

o Immune responses to foreign antigens decline 
with time after immunization. This is mainly be- 
cause of apoptosis of activated lymphocytes that 
are deprived of survival stimuli as the antigen is 
eliminated and innate immunity wanes. Various 
active mechanisms of lymphocyte inhibition may 
also function to terminate immune responses- 
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Antibody humanization: a case of the 
'Emperor's new clothes'? 



Mike Clark 



n the fable of the 'Emperor's New 
Clothes', a tailor tricks the Emperor 
into believing that he has a new and 
magical set of clothes, when in fact 
he does not Most of the Emperor's subjects 
are equally taken in by the charade, too 
gullible, or too frightened to question what 
they arc told. One small boy says what he 
actually sees and the trickery Is eventually 
exposed. Without taking the analogy too far. 
I argue that antibody engineering has pro- 
vided therapeutic antibodies with many 
new sets of clothes, and there are many com- 
peting claims as to which are better than the 
others. Not all these claims have a sound 
scientific basis and there is little evidence of 
rigorous scientific proof in support of some 
of these claims, particularly regarding im- 
munogenicity of antibody variable regions. 

It is 25 years since Kohler and Milstein 
published their work on the use of cell fusion for the production of 
monoclonal antibodies from Immunized mice 1 . The technique was 
rapidly and widely adopted and has provided an enormous reper- 
toire of useful research reagents (see Little et a/., this issue). In turn, 
these reagents have formed a key element in the rapid progress of 
our understanding of biology. Although murine-derived mono- 
clonal antibodies have been widely applied in clinical diagnostics, 
they have had limited success in human therapy (see Glennie and 
Johnson, this issue, p. 403). Two major problems in the therapeutic 



The antiglobulin response is 
perceived as a major problem in the 
clinical development of therapeutic 
antibodies. Successive technical 
developments such as chimeric, 
humanized and. now, fully human 
antibodies claim to offer improved 
solutions to this problem. Although 
there is clear evidence that chimeric 

antibodies are less immunogenic 
than murine monoclonal antibodies, 

little evidence exists to support 
claims for further improvements as 
a result of more elaborate 
humanization protocols. 



use of murine monoclonal antibodies were 
identified early on. First, although murine 
antibodies had exquisite specificity for ther- 
apeutic targets, they did not always trigger 
the appropriate human effector systems of 
complement and Fc receptors 1 . Second even 
when murine antibodies were identified (hat 
did work In vivo, the patient's immune sys- 
tem normally cut short the ihcrapeutic win- 
dow, as murine antibodies were recognized 
by a human anli-mu tine-antibody immune 
response (HAM A) 1 *. An obvious exception 
to these generalizations has been the success 
of the mouse monoclonal antibody, ortho- 
clone OKT3. used in prevention of organ 
graft rejoction and which, in 1986. was the 
first monoclonal antibody to be approved by 
the FDA for clinical use (see Glennie and 
Johnson, this issue). 

However, In parallel with the advances 
in the production of monoclonal antibodies from hybridomas, other 
major technological advances were happening in recombinant DNA 
technology. More was being understood about how genes for im- 
munoglobulins were organized and expressed by B cells and about 
how germllne immunoglobulin genes were rearranged and mu- 
tated, to form the repertoire of functional immunoglobulin genes 8 6 . 
Inevitably, the techniques of monoclonal antibody production and 
recombinant DNA technology were combined to try to resolve the 
problems that had arisen in the application of murine antibodies to 
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Fig. 1. Model of an IgC molecule. A spacefilling model of sit IgC molecule 
coloured according to the structural features. Constant regions are In blue, 
carbohydrate in purple, variable region frameworks arc in red and 
complementarity determining regions in yellow, 

human therapy*" 9 . Thus, the field of antibody engineering was Initi- 
ated, and today many of the products currently in clinical develop- 
ment by the biotechnology industry arc recombinant monoclonal 
antibodies* or their derivatives (Glennie and Johnson, this Issue, 
p. 403). It seems clear Chat recombinant DNA technology, as applied 
to antibody constant (C) regions, has provided solutions to the prob- 
lems of antibody functions in vivo 1011 . But was this the right way to 
go for antibody variable (V) regions, or is it a case of the 'Emperor's 
new clothes'? Did enthusiasm to find ever more elaborate solutions 
to the HAMA response blind scientists to a mote obvious shortcom- 
ing in the whole approach - namely human anti-human antibody 




Mouse 



Chimeric 



Fig. 2. Humanization of an IgG molecule. The blue represents mouse sequences and the rsd human 
sequences. In 9 chimeric antibody, the mouse heavy- and light-chain variable region (V-region) 
sequences are Joined onto human heavy-chain and light-chain constant regions (C-rvglons), In 
humanized antibodies, the mouse complementarity determining regions sequences (three from the 
heavy<hain V-reglon znd three from the light-chain V-region) are grafted onto human V-rtgion 
framework regions and expressed with human C regions. 



responses {HAH A), in particular to the idiotypc"? In addition, is 
an anti-idiotype response only a function of the V-reglon sequence of 
(he antibody or is immunogenicity more likely to depend on other 
factors 12,15 ? 

IgG Is the preferred class for therapeutic antibodies for several 
practical reasons". IgG antibodies are very stable, and easily puri- 
fied and stored. In Wvothey have a long biological half-Hfe that Is not 
just a function of their size but is also a result of their Interaction with 
the so-called Brambcll receptor (or FcRn) ,UJ . This receptor seems to 
protect IgG from caiabolism within cells and recycles it back to the 
plasma. In addition, IgG has subclasses that are able to Interact with 
and trigger a whole range of humoral and cellular effector mecha- 
nisms. These mechanisms are initiated through immune complex 
formation, activation of complement, and through binding to cellular 
Fc receptors and complement receptors 11 . 

Figure 1 shows the basic structural features of a human IgGl. 
Figure 2 Is a cartoon that illustrates how recombinant DNA technol- 
ogy can be used to transform a murine antibody Into a human anti- 
body for therapeutic applications. The immunoglobulin molecule is 
made up of a set of globular domains. Thus, antibody engineering 
can be applied in a modular fashion to generate a chimeric antibody 
with murine V-regionr. and human C-reglons. Humanized antibodies 
can be generated where the andgen-bindlng complementarity deter- 
mining regions (CDRs) are murine, while the rest of the antibody, 
including the V-rcgion framework regions (FRs). Is human. 



Chimeric antibodies with human effector functions 

The overall functions of an antibody are related to the constant re- 
gions, which determine the class and subclass. Clearly, human effec- 
tor functions have evolved alongside human immunoglobulins. 
Very early during the development of rodent monoclonal antibodies 
for human therapy, it became clear that most monoclonal antibodies 
were ineffective in situations where cell destruction was a desired 
outcome (e.g., in cancer therapy). In some situations where several 
similar amlbodies were used to target the same antigen, cell deple- 
tion was dependent on the antibody class 
and subclass 10 . Several studies have shown 
that human IgCl is the preferred choice for 
chimeric antibodies in situations where acti- 
vation of effector functions is the desired 
outcome 7 * 11 . 

There might be o titer occasions in therapy 
when the effector activity of IgCl is not re- 
quired. In this situation it is possible to make 
use of the human subclasses lgC2 and IgG4, 
which lack some of the effector functions". 
However, all four human IgC subclasses 
mediate at least some biological functions. 
Antibody engineering has again been ap- 
plied to this problem and antibodies with al- 
tered Fc regions, and thus altered activity, 
have been produced. For example, removal 
of the conserved N-linkcd gtycosylation site 



Humanized 
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on the constant region of a CD3 antibody reduces the unwanted 
biological side effects associated with Fc receptor binding, while re- 
taining efficacy in blocking T<ell function 17 . An alternative strategy 
has recently been described whereby potent blocking antibodies can 
be generated by making antibodies with sequences derived from a 
combination of IgGl. lgC2 and IgG4 (Ref. 18). 



Humanlzatlon to avoid the immune response 

Immunogenlciry of therapeutic antibodies is a significant problem 
and severely limits their widespread and repeated application (o 
treat many diseases 12 - 13 . Factors likely to be important in Immuno- 
genlciry are listed in Box 1 . Many believe that the Immunogenlciry of 
an Immunoglobulin is mainly a function of its Torelgnness 1 to the 
human patient (top three items in Box 1). Most strategies for engi- 
neering antibodies to reduce Imrnunogenicity are based upon the 
immunological concept that we are tolerant of all self-proteins and 
respond only to foreign proteins. Most immunologlsts would. I 
hope, recognize that this basic idea is flawed, particularly for im- 
munoglobulins* By definition, every clone of B cells with a unique 
Specificity has a unique V-region sequence: it possesses a unique 
'tdiocype". New clones of B cells are generated every day throughout 
life by the processes of somatic gene recombination and somatic 
mutation". It seems implausible that tolerance to each B-cell clone 
is generated as soon as every new sequence emerges. Indeed, an 
equally familiar immunological concept is the opposite extreme; that 
every clone of B cells provokes an anti-idtorype response, which in 
turn provokes another anti-idiotypc. thus forming an antibody 
network that regulates immune responses 11 . The true situation is 
probably somewhere between these two extremes. 

Four basic antibody engineering strategies have been adopted to 
tackle the imrnunogenicity of therapeutic antibodies. In chimeric 
antibodies, the murine constant regions are replaced with human 
constant regions, on the basis that the constant region contributes a 
significant component to the imrnunogenicity 7 * 1 '. As a further step 
on from chimeric antibodies. V-rcgion humanlzatlon, or reshaping, 
involves changing some of the FR residues of the V-regions to 
sequences considered more 'human', while retaining the CDR 
sequences necessary for antigen binding (see Fig. 2; Refs 9,20-22), 
Two additional strategies provide what some call "fully human 
V-reglons': human antibody V-regions can be selected from phage 
libraries by alTinity selection on antigen™*: transgenic mice have 
been constructed which have had their own Immunoglobulin genes 
replaced with human immunoglobulin genes so that they produce 
human antibodies upon immunization 23 ' 26 . 



Immunogemcity versus antigenicity of therapeutic 
antibodies 

Before discussing just how sensible It Is to promulgate the idea thai 
'V-region humanizatlon' or 'fully human V-regions' are the way 
ahead, we need to consider the immunological difference between 
the concepts of 'antigenicity' and 'imrnunogenicity'. Antigenicity Is 
defined in terms of the ability of a molecule to be recognized by 




..P«lentsVdis^jtotiB';;v.r,j;. : ;; ,•],..:- •.•„> . i^j^M 
fror^blej&^en?^ 
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Complement activation by antibody . 
. Fc receptor .binding by antibody ■;. 
Inflairimation and cytokine release . 



All of these factors are likely to have a bearing on the lirnn.unogcnklry of .a v» 
therapeutic ariUbc^. >toy of them might be an Inevitable eons^uen^pf-; ,jj 
thetreatrotntandiof^ 

first three on the list are' altered by huhianlzatloh arid fourth tslUu^f to jis: 
;depen<l on the' egression system vised for anilbo^y producadh:' *.'•■:_ it'v" -b 



preformed antibodies. A given antigen might be recognized by 
many different antibody specificities and these define the antigenic 
•epitopes'. Imrnunogenicity refers to the abiliry of an antigen to pro- 
voke an immune response. It Is possible for an antigen to be highly 
immunogenic, weakly Immunogenic, noninununogenic or tolero- 
genic 27 . For example, high doses of deaggregated human IgC given 
Intravenously to mice can be tolerogenic, but the same antigen given 
In aggregated form subcutaneously can be highly immunogenic. 
It is the immunogenlciry that Is important for therapy, not the 
antigenicity 1 t]itJ . 

For protein antigens such as Immunoglobulins the Immune re- 
sponse is usually T*cell dependent and there are many factors that 
might have a significant influence on the Imrnunogenicity including 
the need for appropriate antigen processing and presentation, and 
'secondary signals'. How might recombinant andbodies influence 
these requirements? We should not lose sight of the fact that anti- 
bodies have evolved to play a key role in the immune response to 
infection and thus have features that often enhance imrnunogenicity 
of antigens bound up In immune complexes with the antibodies- It 
seems unlikely that at the same time as enhancing imrnunogenicity 
of the bound antigen the antibody is completely inert with regard to 
its own Imrnunogenicity (particularly for Its ldiorypc). Binding to 
Fc receptors", and the activation of the complement cascade* 9 - 30 , are 
two obvious ways that andbodies can enhance immune responses. 
In addition, antibodies that directly bind to cell surfaces might be in- 
ternalized and processed for presentation* 1 , whereas antibodies that 
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Antibody comparisons '*. 



i^iif fH r .'. . COR : ; Complete >^glpn . ? 



? Inhuman V^* *. ^ '^l^v^y 



,93% 
86% 
85% 



Chimeric V H (i.e.; murine). versus ... 

, Campath-IG ' • "': • . . . 78% 

:"Anti-Tac':-' : *. . ■ i ;'-::*77% 

, Human myeloma versus \ 
human germline V H »' 

NEW :> 87% 
EU . 95% 

KOL •. 91% 



9%. 

28%; 

25% 



41% 
69% 
56% 



S0% 
77% 
81% 



74% 

?2% : 
69% 



68% 
75% 
72% 



78% 
91% 
88% 



' •Abbreviations CDR, complementarity determining region; FR, framework region; V region, variable , 
region, ; ' 

"The percentage amino add homology for several antibody heavy-chain V-reglons is shown (from . 
Ref.3<), s .. y » ' ■ ' t . ( ; . : • 

humanized airmbodl£S .(Carnpaih-lH, ahtl.-Tac. OKT3) shown compared .with the human myeloma , : 
protein sequeiice^ lised as acceptor sequence for the humanizaUon (NEW, EU, KOL). ; ■ :I . ■.. :" 
^Murine aequeni^ cornparod to the closest nuaching human germline immunoglobulin sequences : 
' found In the databases; Li., the homology for chimeric versions of the antibodies. ■ ;■' 

! *Ciarriparison bii,trW ' 



cause cell killing and destruction might give rise to what are some- 
times referred to as 'danger' signals 5 '- In support of these Ideas, it 
has been reported that the presence of the murine Fc region might 
make antibodies more immunogenic and also that Fab fragments are 
much less Immunogenic than lire F(ah')j or whole antibodies". Ad- 
ditionally, antibodies that have been engineered so as not to activate 
effector functions are less immunogenic 31 . Unfortunately, those 
properties of antibodies that result in enhanced antigen presentadon 
are likely to be related to the desired properties of the antibodies that 
have been deliberately chosen for their therapeutic effect*- 1 *' 8 . It 
might thus prove very difficult to generate tolerance even to hu- 
manized or fully human antibodies that cause such effects in vivo. 

There is some hope from strategics whereby tolerance can be 
Induced to a non-cell-binding non- Inflammatory antibody that has 
a slightly modified but otherwise similar idiotypc to a cell-binding 
therapeutic antibody 1 " 1 -". However, the therapeutic antibody will 
still have a unique idiotype even compared with the deliberately 
engineered tolerizing antibody and so at best, this strategy might 
reduce "or delay the probability of an anti-idiotypc response, but is 
unlikely to eliminate it In all therapeutic circumstances- Other strat- 
egies involve Identifying and engineering out the major peptide se- 
quences that would activate helper T cells when presented on major 
histocompatibility complex <MHC) Class II molecules. The problem 



here is that there are so many different alleles 
of MHC Class II in the human population 
that it would only be possible to do this 
for a limited number of the more common 
epitopes. 



Humanized versus chimeric 
antibodies 

So arc 'humanized' antibodies, or even so 
called 'fully human' antibodies, likely to be 
better than 'chimeric' antibodies for human 
therapy? This has implications at several 
levels. Humanization of the V-reglons might 
be considered to try to reduce potential prob- 
lems of immunogeniclty*' 20 . However, dur- 
ing the humanization process, the antibody 
afFtnity is frequently reduced 9 . This reduc- 
tion in affinity might be minimized by care- 
ful selection of human FRs that are homolo- 
gous to the starting antibody 21 '* 2 -* or by 
reintroduction of important murine FR 
residues back into the engineered anti- 
body 421 ' 31 . This strategy could result In a 
humanized antibody that is itself very ho- 
mologous to a chimeric form of the same 
antibody This can be easily seen in Table 1, 
where the murine V-regions of the antibodies 
antl-Tac and OKT3 have a similar overall 
percentage homology to a closest match 
human germline gene (75% and 72%) com- 
pared with the homology of the humanized antibodies and the 
acceptor myeloma protein sequences (72% and 69%), Indeed, I am 
almost tempted to argue that humanization of these two antibodies 
has reduced their homology. The humanization methods used have 
maximized the homology for FRs at the expense of the homology for 
CDRs. however, the overall percentage homologies for chimeric and 
humanized versions of these antibodies are similar. Furthermore, the 
homology of chimeric antibodies compared with the human 
germline is only slightly less than some human myeloma protein 
sequences compared with the germline. This 1$ presumably a conse- 
quence of somatic mutations in the myeloma protein sequences. 

The similar homology of humanized and chimeric forms of an an- 
tibody as shown in Table 1 arises because V-rcgions are often much 
more homologous berween species than are constant (C) regions. Al- 
though this seems counter-intuitive, the explanation is simple: there 
are many different human V-reglons 35 " 37 to compare with any on« 
chosen murine V-region, but there are only four human IgC C- 
rcgions. However, there Is little scientific evidence to support a sub- 
stantial reduction in Immunogcnicity when' the penalty is an anri- 
body of perhaps lower affinity 9,21 '* 2 and one where the commercial 
viability is reduced further by the need to pay out numerous royal- 
ties for licences that cover the antibody engineering process. 
Humanization might increase the production costs of a therapeutic 
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antibody substantially. If these cost Increases are passed on to pa- 
tients, some healthcare providers might consider the treatment too 
expensive to be used routinely. Then, ironically; although the per- 
centage of patients showing antiglobulin responses might be re- 
duced, the total numbers of patients treated will also be reduced, My 
recommendation Is (hat, at present, It is well worth carrying our a 
cost-benefit analysts for humanlzatlon on every new antibody. If 
humanization means that the costs outweigh the benefit, then it 
might well be better to produce and use a chimeric form of the 
antibody for therapy. 

Testing the efficacy of V-region humanization 

What would constitute a 'proper scientific test' of humanization of 
V-reglons as a means of reducing the Immunogenicity? At a mini- 
mum, this would probably require the generation of humanized and 
chimeric forms of several different antibodies with different Idio- 
types. These pairs of antibodies would then have to be used in simi- 
lar clinical studies where the number of patients is high enough to 
establish reliable immunogenicity frequencies. A significant result 
would indicate that all the humanized antibodies are less lmmuno* 
genk than their chimeric counterparts. Such an experiment is un* 
likely to be contemplated on commercial or on ethical grounds. 
Furthermore, there Is already considerable evidence for a wide vari- 
ability in measured immunogenicity of chimeric and humanized 
antibodies to different antigens and used in different diseases'*-"'". 
Thus, It can already be concluded that other factors listed in Box 1 
might be more important than the V-rcgion sequences, 

So what can be done? We can return to animal experiments. It Is 
possible to make anti-ldiorype antibodies to rodent antibodies by 
immunizing the same strains from which the original monoclonal 
antibodies were derived". Thus, rodents arc clearly not tolerant of 
antibodies from the same species and strain. However, deliberately 
generating an antl-ldiorype is often not easy, and usually requires 
the use of adjuvant or coupling to 'carrier' proteins such as keyhole 
limpet haemocyanin (KLH)". By contrast, it Is also possible to gen- 
erate tolerance to foreign proteins in rodents, including human im- 
munoglobulins, as mentioned earlier 131743 . Animal models suggest 
that the nature of the target antigen is more important than the se- 
quence of the antibody V-regions. with cell-binding antibodies being 
the most difficult with which to achieve tolerance 27 . 



Alternative strategies for producing 'human 1 
antibodies 

Other strategies for the production of 'fully human' antibodies in- 
clude phage libraries" 14 or transgenic mice 25 -* 6 , both of which make 
use of repertoires of human V-rcgions. A third technique consists of 
reconstituting severe combined Immunodeflcient (SCID) mice with 
human peripheral blood lymphocytes, immunizing these animals 
with antigen, followed by rescuing the immune B cells by fusion 
with myeloma cells 10 . However, antibodies generated using these 
methods still have unique Idlorypes. and In the case of antibodies 
from transgenic mice (and of course antibodies from reconstituted 



SC1D mice), the somatic mutations are in FRs as well as in the CDRs 
(Ref, 26). Some like to claim that chimeric antibodies are overall 
about 75% human in sequence [% homology of whole IgC), whereas 
humanized antibodies arc 95% human and antibodies from trans- 
genic mice or phage display are 100% human. These figures can only 
be derived If murine and human antibodies are thought of as being 
totally different (Fig. 2), In fact, as illustrated in Table 1, there is 
considerable sequence homology between mouse and human im- 
munoglobulin sequences, as would be obvious to anyone who looks 
at the sequence databases 213 *. The Kabat database shows clearly that 
many V-region sequences, particularly for FRs, are conserved be- 
tween species 11 , This, combined with the large repertoire and diver- 
sity of sequences in each species, makes it likely that most rodent se- 
quences have a homologous human counterpart (see Table 1; Rcfs 
22,34-37,41). Equally, somatic mutations in antibodies from trans- 
genic and reconstituted mice, particularly during affinity matu- 
ration, means that they are no longer 100% identical to Inherited 
human germline genes, as Is the case with human myeloma proteins 
(see Table 1; Ref. 34). The other problem with use of human anti- 
bodies generated by these methods is that it might still be necessary 
to engineer them as chimeric constructs to provide them with a suit- 
able human C-region for therapy, particularly where novel C-regions 
are contemplated "* 17 ' 18 , Again, this has cost Implications as it might 
then require royalty licence payments to cover both technologies, 



Concluding remarks 

For some therapeutic antibodies It seems likely that the problems of 
immunogenicity are likely to remain whatever the strategies chosen 
for their production. However, the antiidiotype response is gener- 
ally only a problem where repeated treatments are required for 
chronic and relapsing diseases such as in therapy of autoimmune 
discasc ,, ■ , ^ Indeed Tor many therapeutic applications in acute dis- 
ease situations, the possibility of an and-idiotypc response is not 
likely to have a major Impact on their efficacy in the vast majority of 
patients 13 - 38 . 

I would not want to imply that there Is an absolute correlation 
between the fable of the Emperor's New Clothes and antibody en- 
gineering, but I think the scientific qucsUon of how the Immuno- 
genicity of an antibody V-region relates to its sequence must be 
addressed* It is unlikely, I argue, to be a simple matter of percentage 
homology. It Is Interesting to reflect on a comment written by Alan 
Munro to accompany the publication of the first descriptions of 
recombinant 'chimeric' antibodies". Although he used the term 
chlmacric' where today we would refer to 'humanized', with some 
foresight, he wrote, 'by using the techniques of genetic engineering, 
it might be possible Co obtain antibodies in which the antigen- 
binding site Is defined by sequences from a rodent monoclonal 
antibody of the right specificity whereas the rest of the molecule is 
as "human" in structure as possible... Possibly the human immune 
system will not recognize such chimacric molecules as foreign, but 
there are good reasons to think that they will'. Yet. what was obvi- 
ous to Munro in 1984 seems to have been forgotten or Is ignored by 
many today. 
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[ thank my colleagues over the years for many stimulating discussions on 
antibody therapy and immunological tolerance. More Importantly, I ac- 
knowledge (he contributions of the undergraduates to whom I have taught 
tmmunokt^. Their probing questions bring home the shortcoming* that still 
remain in our undemanding of Immunological problem*. 

Mike Clark (mrc7@cam.ac.uk) is la the Immunology Division, Dept of 
Pathology, Cambridge University, "tennis Court Road. Cambridge, UK 
CB2 IQP. 
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